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explanation of plate XV 

1. Eggs .the gi'oovo <jI a Jeai-stalk. X l(i. 

2. Egg a tejv houis old. X (i4. 

3. Egg about a day old. X 64. 

4. Nymph, fiiw’ stage. X 64. 

5. „ ' aetbiid X 511. 

6. „ ithird : X 45. 

7. „ fourth „ X 30. 

8. „ , fifth, ,. X 20. 

9. Imago, female. X 20. 

10. The. hind P.nd of the abdomen of male. .X 20, 

11. An adult female sitting on a shoot. X 2. 

12. The head'Of a Java-Natal indigo plant showing p.niniplitig of the loaves 

produced by the feeding of the nymphs; ivith a nvnipli sitting just 
below the head. 
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PRKFA(’K. 

The observations included in (liis Memoir were made in con- 
iiection with the investigation into tlu* pests of Indigo in Beliar 
which was taken up at the retpiest of tlic Beliar 1’lanter.s' Asso- 
ciation in December 1911. A general account of the pi'st and it.s 
relation to other disea.ses of fndigo was [mblished bv .Mr. II. 
-Maxwcll-Lefroy, the former Imperial Entomologist, in the Agricul- 
tural Journal of India, Vol. VIII, Part 1, and the details of more 
scientific interest are included in this Memoir. Tliis number will 
complete Vol. IV. 

Pus.\, 1 
November 2l6t, 1913. I 


A. .1. (iltOVK, 

Ofjg. Imperial linlomologist. 




THE LIFE-HISTORY OF PsYI.LA ISir/s lUT’Kl' 
{PS YLLOP. I P I \VC77/V;.VAO.s'. ( ' 1L\ W F( ) R 1 ». 
THE “PSYLLA" HlSEASi; oF IN'DKiO 


i:v 

A. -T. (IROVK. M. Sr 

Ofliciillniif /ill jivt'(ifl linhin'0'i>iii.'l 


(■-. a (urosfi. II. A 

Assisfihd lo tlip ! infiepiii] l\,-l>niifiliiji!<i. 

JXTKoDl'CTJnK 


Tlio pest of the indigo pkint wliieli Iws lnTiiinc known in l!i'li,ir 
iis Indigo ■“ Psvlla ' is itc(-oiuitnMi' lor n giv.ii do.d ol ilnniiigr lo die 
indigo crop: lliough ns Inis bci'n slntod l>v LOiov (Ayri' . .loui n. 
India. Vol. VIII. pt. I). if I'niinof Im liHI cntiirly l■l•spollsiilil• lor 
the laihu'e. espoeiallv of the /,7/on)<f./(' nop. in iccnit voms. 

.A Ps}dlid ill tacking iinligo wns fir.-it di'sn-ilied hv Ihickloi 
(huliaii Museum Notes. Vol. 11. page IS). Init in ihc .in-oniii ,gi\vi 
by Cotes it is stated : ■•'Ilie indigo shoots wnv found covnvd will 
iniiiuto itlaek scales each contniiiing a parti.-illc dcC'lopcd llomop 
tcroiis insect, which was iit first siipposeil to Ic on.- of ih.- .Vpliid.c 
but which has since Itecn descrifti-d by Mr. C. If. P.ackion as , 
pupa of a new species of PsHluhe. which lie names Ps;,lh, ,.o0s. 
These Irlack scales were probaldv an Alevrodid winch ,s common 
on mdigo and had no connection with rlie PsvIlid. < In page Ho 
of the .same volume of Indian Museum Notes, /.s./ '/ 
down as “a mimite insect, winch forms galls on md, go /m , 1 / 0/001 
Pnaorui) plants. It was reported in 1800 as exci^sivclv - -s , - 

tive to Mgo ui RengaH Here, again, the Itard kno , 

leaves produced bv the attack ol the insects has piohablt r m 



3150 THE " rSYI.I.A ” DISEASK OE IXDiriO 

mistaken for u gall. Jiiickton’s description of the specimens sent 
to liim is as fnllow.s : 

Pujllla l.filis. iinv. s]). 

"/■'h/jh, -Coloiir sliining yellow with the edges of the nbdoini. 
nal somatic j'iiigs rich hrown. Vertex hristlv, eves angulailv 
facetted, lai'ge and red. Iiostnim slinrt and .stout. proiaa'diiiL; 
from 1)etwe('n tli(' (>yes. and lying between the fore coxa?. T’rn- 
notum coi'i'ugated and tnberculose. .Antenna with eight joints, 
the two basal joints stout and somewliat globose: the third and 
eighth joints the longest. Wing-cases double, but not separatic 
.\bdomen globose, tlie somata edged with rich brown, and marked 
with stigmata. Tarsus ob.scnrely two-jointed, ending with one 
claw and two bristles. The larval form is smalier than the jnipal. 
and has less developed anteniw aiul feet. SizeO’tt.) x O’OSotinch." 

This does not give a vei'v aeeurate descrijttion when coin- 
pared with living specimens, ami the figui-e given is not good. 

Crawford has recently described tli(‘ insect from adult speci- 
mens sent from the Pnsa collection and has called it 7As7///opr/ 
piinctipemiis s\i\d\n his description (.see page 340) says that this is 
probably the same as Buykton's Psi/lJa dsv'Os. but in order to avoid 
confusion, has given it a new name. 

An examination of Biickton's type sjiecimens leaves little 
doubt that the insects described by Buckton an<l Crawfoi'd are 
identical so that both names have been given. 

T’he name ' I’.sylla ” has arisen from the name given to the 
insect by Buckton and has beeoiuo so firmly established as a conimon 
name for the insect that it has lieen retained and is used as siieli 
in this Memoir. 


Jujli-nlSTORY. 

The insect will breed all the year round provided that .suit- 
able food-plants are aA'ailable. The time which elapses between 
the la}’ing of the egg and the appearance of the adult howeviu' 
varies at different times in the year according to temperature 



fiRnvE Axn cKosii 


:!;ii 


,'onditions. During the cold wonrliP,- ti. • , 

u, (Debruory and .are,, lolsr:;!’’;: 

ueatlier may be a.s short ns tou,te<.n dnvs (Ammst loi-) \ 1 

he expected tlrerefore its attaclrs are most felr tl.: a;,,,,,;, , 

Tins s],ort period necessary for complete develop,,, e,,,. ,..„„l„„ed' 
ivitli tlie large miuiber of eggs which each female is capable of I ,vi„.. 
explains how the crops in the field heeonie badly attache, l‘i„ a 
comparatively short time, especially as only „ few nviiiphs nv 
necessary to produce a marked effect on the plant. 

The differences in the length of the p,.rio,l of d,'ve|op„„.,„ 
are shown in the following table 


Diltfi of ovipositioii. 


I't'brmiry 2r>tli. 1912 
March 1st 
loth 
M;iv lOlh 
Jiini- 2(H!i 

July “til 
August 2Ut . 

Suptf'iiihor 8! h 

Jtinudrv 2fiih, 191J 
f'chruarv Nt „ 


Dnfo of hiUi liiiio. 

Ilf r-t(i<'r“t iU f 


•!'!•), 1 

Max h lull 

"f uduh. 

Min’rh 2-', ill 

1’ 

itiirchlUh 

.Man h iUitli 

:!ii 

'I''-' 

April 241 h 

.MayiUh 


May 1 8th 

Jmi*“ 1st 

•l.T 


•Jtim*2$th 

July dill 

17 


Jnlylllh 

^ July 2 (ill 

Is 


Auiust 2.’>th 

S«'|)i(‘tnln r S( h 

19 


SeptemlKT i hh 

S( |ilenilK'r JiMli 

2:5 


Ffbruiiry .'i h 

March 12th 

4(> 


l•^•l)nlal•y 22iul 

.M.irch Idih 

II 



i • • ' « . . I V , , , 1. 

.Vine generations were ti’aced between Februarv and .Sojitemhe,' 
11)12, when it was fonnd impracticable to carry the experiment 
further. The generations are a.s follows : — 


‘-(■nOMtitlM, 


I’liM 

(inil 

Third 

I'oiirth 

I’ifrh 

>)ev.'nth 

Ihiglitli 

N'iiith 


of ovlposirion. 

Ditto of cniorm'iKT* <*f 
adult. 

1 

IVrIod, 

27th hVlu'uary 1912 

2dth March 1912 

1 

j 29 day 

2SHi .March 

21th April .. 

i 2S h 

2.)th .\pril 

2Ul!)May .. 

j 29 

24th May 

null Jam' 

' 2:i .. 

21st Juno 

SI h. filly 

1 2m 

1 Ith July 

28th July .. 

i is 

:ird Aiigvisl, 

21st Aupfii.st 

19 

2.')th (?) .Aii^iii-st 

7th SpptciiilKT 

N(V).. 

Kith iSoptomlxM- 

27th Soptcmhi r 

' IS .. 


The egg. — The egg (Plate XV. figs. 1-3) is small, spindle- 
sliaped when seen from above, tapering to each end, one end being 
In'oader than the other. It measures '20 m.m. in length ai,d '1 m.ni. 
thickness at about the middle. The surface of the egg-shell 
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is smooth. W'lieii fre.shly laid it is palish yellow in colour with 
a tinge of orange at the broader end. After a few hours it gra- 
dually darkens in colour becoming eventually quite black. Thi, 
only applies to fertile eggs. Unfertilised ones become a little 
darker after they are laid but never become ijuite black and of 
course never hatch. The eggs are fastened to the surface on which 
they are laid by a curious projection of the egg-shell. About one- 
third of the length of the egg from the broader end the egg-shell is 
pulled out into a rounded protuberance which is buried in the 
tissues of the plant and holds the egg in position on tlu' plant. The 
situation chosen by the female for oviposition is not constant, but 
the greatest number of eggs was observed in the groove of the 
rachis of the leaves. Almost any site on the plant may be chosen 
and eggs have been found on the stem, in the axils of the leaflets 
and of leaves and on the upper and lower surfaces of the leaflets. 
The positions are, however, always selected with a view to affording 
protection to the egg, for oven when laid upon the stem the eggs 
are almost invariably placed in the grooves on the surface and 
when deposited on the leaves they are mostly found in the furrow 
of the midrib or smaller veins or by the side of raised veins. 

The eggs are laid singly, the protuberance of each being thrust 
into the tissues of the plant separately. No definite order wa.s 
observed, but the eggs are generally laid in rows at varying dis- 
tances apart in a groove or furrow on the plant with their long a.xes 
pointing in the direction of the furrow, but because of the nature 
of their attachment to the plant never one on top of another. On 
the surface of the leaf or under the stipule.s a few are often placed 
side by side with their long axes parallel. 

Varying numbers of egg.s laid by different females have been 
observed, the numbers ranging from 208 to 828. The following 
tables give the record of the oviposition of several females : — 

Two females A and B emerged on February 20tb and were 
kept together in a cage along with several males. Between 21st 
and 22nd, 34 eggs were laid and the females were taken out and 
confined alone on separate plants. The oviposition records of 
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each are. shown separately. Botli escaiied alive. mi .Mareii l.'iili 
and B on March 7th. The egg.s laid by A between 11th mid l.ltli 
March were not all fertile a.s some of them did not liateh. With 
li too, of the eggs laid between 3vd and 7th .March, only one liatehed 
and the rest were unfertile and failed to haieh. 

Ovn'osiTtot; hkcord or A. 


I at axiU ot , 

III .\i 

Uii 

1 lt•af^^alk> i 

“rmiVf axil.' 

Ir.lf. 

i or l)v tin- ^ 

ol <•! 

li-l'. 

1 >hU- of 

I'iK’his If.if- 

«11.|KI 


of leaf. 

.'Ui'faoi 


Ii. In HI .l.M. a t'r'), 

^ t(> -t it ! 

to •’ I 

, 1,0 2 I’l.M. '27 i 

toli v.M. 2H .. ! 

, to 10 A.. M. 'in .. I 

to 4 i’.M. I M«1'* I 

ill-, to U A.M. 2 .. ! 

, tollA.M. O .• : 

, to Oa->i. •• i 

, to 10 A, M. 7 •• 

to 4 I'.M. 7 . 

,, to •iP.M-ll •• 

,, to « A.M- l-> •• 


1 ; i ;V5 

-.54 ^ 


! 1 i 2 , 

(i 

1 

,j i w 


12 


‘ i 

- 

; 3 ■ 21 

17 

I) 

i . ' 4 


:t 

' j s 

10 ; 

.> 

■ 1 24 

17 ' 

n 

i I IS 

; .'n'l 

111 

: 2 i 3 

; 1* ' 



Ovil’OSlTION EKCORD OF B. 


On 

ut i\xiU of III 
lcaf^Ulli> aroow 
or bv till- 
side oi radii' 

sti\iuUe< of leaf, 
or buds. 


bill. Is 

niiiiei- 1 Niiilnr 

..urfaix. ! sirf.in- 


1 M, 23 Feb. toil .1.11. 2.’) Fi-b. 2 
1,11. 2.-| te » 

.. t,i J 1’ 11. I Mar- 


iM.M.i'l .. to ■> t’-'l- -< •• 

27 to 4 I’.M- I Mar- 
4 P.M. I Mai’: to t I A-M- 
II A.M. :J io 4 P.M. 7 .. 


''lla,:,!, C rnasiii I”'*;',,!''!'. ‘I ”u, 

a d.,s ». lo,...3 ^ 

nml mii.iiiKil in iiil'iibl'ini e' ■ ..H ,,,,1,, f,rule 

the next morning. 274 eggs were hud • 
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iuid liatt'licd. On March 24th the female was found dead, stuck 
to the earth in the pot. 'riic oviposition record is as follows 

h’EMALE C. 


Period. 


On sk-m 

In 

1 






<it axils of 

. ! Oil 

“f'*” i IcaHot., 

1 “I’Pcr 

Oil 




On 

leaves or 

ot 

leaflets, 

Total, 



(item. 

, by side of 

under 

I'roiii 

T. 1 


stipules 
and bnd>». 

of leaf. 

1 surface. 

1 

surface, 


KI-.T) A.M. 








12 Mar. 

‘.1 A.-'i. 1 ■I Mur. 


1 


1 , 4 


hi 

!i A.M. 1.4 .. 

8a..m. 18 


!» 

4(1 

:i i 1 


1)2 

8 .\.M. 18 


4 

W 

()7 

El 1 3 

2 j 

i:>:; 

-‘1 F..M, 21 

2:1 


II 

11 

a 

9 

4;i 






! 

1 


274 


l^Vniale U emerged on the morning of March 30th and was 
provided with a male which had emerged the day before. The male 
escaped on April 7tli and the female was given another male of 
this (late. Th(' .second male too escaped on the 14tli and wa.s 
replaced by a third male. On the 16th April the insects were found 
coupling at 4 c.m. and ceased to couple at 4-50 p.m. The feniah 
died, apparently a natural death, on April 22nd. All the eggs were 
fertile and hatched. The oviposition record is as follows 


Female D. 


I’eiu 

111 . 


(.)n stein 
at iixiifi 

In At 







of loaf- 

On 

On 




Oil 

sta lk> or 

gr«)nvo aXiis 
of of 

raehU kaf- 
of leaf. lets. 

k-.iili-L-, 

I'M Hot-', 


1 -T'oiii 

■J‘n 

fsUun. 

by side of 
lateral 
buds or 
stipules. 

upper 

surface. 

tinder 

--urface. 



30 Mar, 

lU A.M. 7 April. 

,') 

:Ui 

0:1 21 

i 

20 

ini 

10 A.M. 7 .\priL 

IU a.-M. 14 

K 

01 

128 2.7 




hi \.M. 1-1 

10a.m. 10 

17 

JO 

21 1 

3 


S-J 

10 A.M. 10 

0 \.M. 21 „ 

1 

no 

o 4 I 



171 

0 A.M. 




i 



71(1 

Female F emerget 

i on 

the morning of March 30th and w.e 


provided with a male of the same date. Coupling was ohser\ cd 
at 2-45 P.M. and continued till 4-20 P.M. on the 1st April. A live 
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male was kept in the cage \vit)i the female as ,is ihe laiin was 
alive. On the 21st April she was mil .sn active ami seemed i.. lie 
getting old ; she had laid 828 eggs and miglil pussililv luive laid s,,iiie 
more, but .she was injured slightly and could imt iviain her posi. 
tiouou the plant. She died on this dale. All i he eggs were (ei iile 
and hatched. The ovijxisilion record is as follows -. 

Ke.m.vlk M. 


I'kuiou. 


On 

sU-lil. 


:}1 .Mar. T 

HM M. 7 April. lU.N.M- !4 

Ill '* “• 


I 

i:. 


Oil slcm 

»l axils i 
or leaf- I 
stalks (»r j 
Ijv ^ide of 1 
.-fipule- I 

III' buds, ! 


Ill I Ai • 

wr<Mi> (' I axils ‘ 

Ilf i of I 


i-.kIi'k : loaf. 

of leaf. I lot-. 1 
1 i 


On t'li 

leafki'. , i. ill. i>. 

ill.l..-/’- .....1. I 

Mirfin-i', -iir<;i<o. 


Ih.i M 




14 


i:;:: 

22 

1 

1 lul 

.al 

l 121 

(I.. 

22 

i:; 

1 

III 

in 

Hi 

.'iti 

V 

Iu2 

IlHI 


heiuale W emerged on l•Vbmaly ITih ami was given a male 
of the same date. On the next dav ihe male was imi lo Ik- fmiml. 
Iluthf22nd l-ebruavy a fre.sh male was .supplied. Outlie l.st .Mareh 
copulation was noticed al 3-:«i aiul im eggs had been laid nil 
this date. On the 1 Ith .March the male was isolated and it lixcd 
until April 1st. The female died on March 27tli. The eggs laid 
between ’ioth and 27tli March did not Imtcli and were appareiuly 
unfertile. The ovi[)Osition record i.s as lollows ; 

1''k.m.\lI': \V. 


Pkki<i[i, 


i’ r'liii. I I o 


Oil 

stflll. 


On Stem 
dl iixils 
Ilf It-af- 
.st!ilk'‘ or 
by llu' 
>itU‘ of 

)Uid liiinral 
buds. 


I» 

O V”0\ f 

of 

r.lfbi' 

of kaf. 


At 

.ixib 

of 

loiif- 
: 1.1 >. 


Ir.illi-t- 

ii,.|Kr 

sllltll'C 


.Itmlbl.-r 

IMl(li-l‘ 

•llll-o' 


i Mm. wlu'ii 

cimpli'd 
:;r.M. II Muf. 
'i t.'i, 1') „ i 
^ .\.'l. IS „ : 

'•i.t.M. „ 


r. M. 1 1 Mar- 
iS \.M. l.'r .. 
SA.M. is 

0\.M. 2.'> M 






44 

:'»4 

•2ti 

12 


Is 22 

III '■) 

HI '■> 
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I'.i 

lu 

l 


in 

sT 

•Ml 

2^ 

U 
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[n the fields it has often been noticed that one plant may ho 
literally eox’ered with eggs while the plants stiiruundiiig it ma’i 
have hardly any eggs on them. It is curious that the female or 
females will remain depositing hundreds of eggs on the same plain 
while only a short jump is necessary to reach other plants. The 
following reeoni show.s the number of eggs found on two siieli 
plants : 



1 111 iufliiiliii” j 

in “I’oovf 

At axils 
li-aticls. 

On upper 

On Imvfi' 


.\o. 

1 huM- at axils of 
ltMf-i-1aU<v. 

of rarlii' 

of leaf. 

>uriaccs of 

leuflet-s 

of 

IcaHots, 

Total. 

J 

'XI 

i:{T 

AS 

1 1*2 


(iT!l 

2 

Tfi 

IliS 

41* 

U';’ 

2(11 

A'Hl 


I 


In th(‘ In.sectarv, too. the same habit has been observed. In one 
caw a female had access, lietween tlu' -iTth l‘'ehruarv and the 1st 
ilarcli, to two plants growing in the same pot ; she laid 67 eggs on 
one plant while there was not a .single egg deposited on the otlier. 
In two other similar eas(‘s the females eoiifincd with the plants 
foi‘ 24 liouis deposited all the eggs on one jilant and neglected tlii' 
second plant altogether. This emphasises the sluggish nature of 
the ailult iiLseet whicli piohahly does not hvive a plant tinleSiS com- 
pelled to do .so. The period from (he laving of the egg to liatcTi- 
ing \aries. aeeordiiig to sea.son. fi'om five to twenty day.s, the latter 
extended jioriod heing during .lannary and hehniai-v. From March 
to iseplemhei' the jieriod varies from five to twelve davs and it is 
(luring thi.s period that the in.seet is most active. 

HalcliiiKj ol the ajg . — The egg-shell hursts at the narrower end 
aiul the larva which is of a jiale yellow colour wrigglo.s it.s wav out. 
MTieu it emerges from the egg its legs are closely applied to the 
body ami it is held ujuight in the air by the hinder part being still 
retained inside the egg-, shell. After a while it move.s its limbs and 
bending forward erauds out of the egg-shell on to the leaf of the 
plant. The egg-shell then clo.ses up again and retains its norma! 
sha])e. the fissure through which the larva emerged heing un- 
observable evim under a low power lens, .so that it is difficult to 
distinguLsh between hatched and unhatched cgg.s. 
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The hma or I'lvshlv cnu'ivoil Lii'va X\'. 

fig. 4) i.s at first of a iiiiifonii palo yollow ila- ,\,- 

only being red. llie colour darknis giaduallv uiiiil in ilir inui'r 
of a day it is of a general brownish black, the a|i|iriidaL'i'' bciiie 
darker than the Ixxly. The divisions of the budv are inarki'd In 
light vellnw coloured lines and there is a light coloured mediaii 
line from the head to the abdomen. The nviii|ih ihroiigli 

live moults liefore attaining tlie winged adult stage. 

The time taketi for each individual siage in the dca'elo|aiieiii 
of the liviupli has olilv been oliscrved at one |ierio{|. dining llaicli 
and April lOlti, and the results are .given in the lollouing lahlc : 
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The larva in tlie first stage is very small, llm measmvmeiils 


a larva tliree days old being 

|,rli;.lhlnaHlln.ae.|i|ieiy.a.n,„„ Oie.., 

Hfciiiilii .. • ■' " 

It '>!' iUilt'iiii.i 

\'ery careful examination is iieeessary to olwive it on llm 
plant, The voting larva' n.suallv erawl up the plant until tliev read, 
the voting leave.s al the growing point, and erawlmg m among ihe 
leaves insert their proliosees and eommeiice to siiek. ^ 

Vfter the first moult signs of the pivseiiee ol wmg pads am 
observable (Plate XV, lig. 3) and the mseet has meivased sim. 
the dimensions of a nviiiph in this stage benign 

[.'nun hf.Ml in HIM.) aUl-Miini -- ■■ 

}iroOi"i'iix 
mi'l'Mc ('l altiloiii'-ii 

Lvii-lli <>l ,iiiii‘ii«iii - - 

Li'tynili of tviiiL' (nnh-vifvi -- 

{jfi.sU'rinv). . I 

A more matXed differentiation of tlie parts of the bodv is seem and 
the colour selietne has eliauged somewhat, the ua. 
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being of a greyish tinge, and the abdomen pale yellow. Tln' 
appendages still remain of a dark brownish black, and the eyes red. 

In the third stage (Plate XV, fig. 6) little dift'creiiee is notice, 
able e.xccpt increase in .size and Icngtlieniiig of the wing pads. 


Lfji.fttlt Ix'ctil to lip of ab»l«)jii«‘ii 

■(iil ni.in 

Urcixlf h llu'fvi's 

■2.’> 

.. .. prolhora.x 


nuiUlIf ot alitl<»nicn 

■:i .. 

lii-iiLtllutf itnlfiiiia .. 

■Hi.. 

w in.t; |»ails . 

.. M .. 

(|M)jitcrior) 

■OS 


In the fourth .stage (Plate XV. fig. 7) the wing pads uiv 
very di.stinetly enlarged and the colouratioti of the nymph is 
generally of a lighter yellow shade, the appendages alone being 
darker in colour. Tiie abdomen i.s long in proportion to the rest 
of th(' body. 

fruni 1 1n' hi ii'l l'> llif I iin‘1 TO in.m. 

lirciullh iit-Kivs 1 lie ryes 
.. ihorax 

L( iiitlli «>!' wiijo I'Hils (Hiiti.'iiorj .. 

.. .. .. ()n)stiTi«)ri. . 

aniciuui 

111 the fifth and la.st nymplial .stage (Plate XV. lig. 8) vmy 
marked ditferenees are noticeable, the parts of the body and 
a])pendage.s being much more clearly ditfereiitiated. The gei'enil 
colour scheiiK' has now become of a dark brownish black, the legs 
and wing jiads and lobe,s being of a du.sky yellow colour w ith darkci 
shades romul the edges. TTie distal [xirtion of the antenna is black 
and tbe remaining part yellow. Tlie entire surface of the budv 
is .speekh'd with grey or whitish markings. TTie anteniue iid" 
show clearly eight distinct joints and the wing lobes have beeoiiic 
much lunge!', the posterior oiie.s being almost entirely eovereil 
by the anterior ones. 

IjCDL'tli from t he lu'ticl to I lie t j]> tii 1 Ik- k IkIoiiu-ii 

ItK'.ithli iirrciss llif I'Vi s 

M •, tile tilMlomc'ji 

iM'ttM't'H tlx' niiU';:ins of ihc initt vior wiii'i loix 
of anlcrittf wilier Itiln-." 

Lcn;ilh of Ibc antriiiia 
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The larv» and nymphs in all sia^n-s i^xudc ylnl.iiK- ,.( ihn.i 
which have a grevish wliite appearance. The uKihules are e.e- 
rnided from the anus and consist of lujnid e.xi icia i-oveivd ovei' with 
a waxy secretion,* If a glohale is placed on a glass slide and 
pricked with a needle the globule bursts discharging iis Huid (im 
tents, the waxy covering remaining on the slide. 

The nymph moulting for the last time gives rise lo the wmgeil 
adult (Plate XAy fig. 9). The skin of the nvni|ili hursts 
along the back in the niiddh* line. The in.scci gradiiallv liberates 
itself from the skin and moves a litik' forward along the leaf and 
remains (piietly sitting. The colour is a general pale yellow. e.\ 
cept the eyes whiidi are red brown. Thi' wings, wliich are of 
course still uiiexpanded. are about (he size of the wmg pads in 
the last nymplial stage. In the insert ohseived. the wings after 
a lapse of 45 niinute.s beeanie fidlv expainh'd bin no eliange ol 
colour was noticeable, this not taking place nniil nearly iwo honis 
after emergence. 

The young nymphs after hatching ftoni the egg eraul aboui 
nn the plant and ahno.st ijivariahly eoine to the top ol (lie sieiii 
where they can obtain a good supply of .sap. Tliev ( teep into or 
between the unfolded lender leaflets and sit hiding there and 
sucking the sap. If no secute |)lace i.s to la' found among the lender 
leaflets the nymphs crowd under the stipules. II lateral slioot.s 
with tender leaves or newly (levelo]iing lateral lindsare lonnd. inaiiv 
lodge themselves there. The pn'vioiisly mentioned liipiid e.xeie- 
iiicnt appears in all .sorts of shapes, such as pearly globules or long 
tubules and often <|uite ianta.stic forms. Ihe exermieot l.dls 
oil to the leaves and linmehes. and in moist weather a black mould 
grows on it giving the plants a blackened, hiirnt-iip appeaiaiin. 
■Vs long as there is foorl available the nymiilis do not des. rt tin 
plant on which they hatch. It has been observed m smeial 


‘ 111 an iiiarO wliUli ia very I |•..ulll.■^.HlH■ a |,|.lr tirr- > 

*bivv Ik-ch found tiiic oil k-ithci' .sid<‘ " t la i 

by tlu-sc glan.t. and .over. Ih- .xvr.mciit a- h ..eMraded, 
di- ‘.viuc kind ut' yi'cyi.ih wliite- globuk-.. A. J- 


Klr.'Uti'!, 1 '.Mil I 
y.tw sf-rn li"li i- l-Ki 

Wil iii '-vl i.P'dn.;.. - 
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cases that out of two plants growing in the same pot, one onwliicl! 
no eggs were laid rinnained free and grew- healthily while the otlicr 
haiboured and fed nunioroiis nymphs. The nymphs usually liw, 
liidden under the curled leaves inside the crumpled head. AVIieii. 
ho\ve\ er. they are full grown and about to becoiiie winged they lea\ e 
their hiding places and come to the stem or open leaves so that 
the emergence of the adults may not be impeded. For this reason 
nymphs in the advanced stagc.s frecpiently sit exposed on the stem, 
at axils of leaf-stalk.s or on leave.s. 

The iDnii'ttioii oj Coloiiieis. -- t’olonie.s of nymphs, consisting some- 
times of several hundred iiulividuals, arc occasionally formed on ilie 
stem below the crnmjiled head. Xyniphs in all stages of growth 
are found congregated together and ;irc entirely exposed exactly 
like an aphis colouv. Such colonies were not noticed earlier than 
September. It was then observed that when a large number of 
nymphs hatched on a head in the leaves of which there was not 
room for all. or on a head which had practiciilly withered, the 
jiymphs settled on (he stem in colonie.s. Sometimes colonies were 
formed a gretit distance below the head of the plant. This grega- 
rious habit renders the nymphs lial)le to a special danger, viz., the 
predaceous Syrphits Hy, Felecoceiri sp. described later. In the 
se\'eral plots of hidigo kc'pt under olaservatiou the Syrphus lly 
ai)peared only after the nymphs had begun to form such colonies 
in exposed places. 

The luhill . — The adult ha.s recently Ijeen described by 1). I.. 
t’rawfoi'd (Indian .Museum Ifecords, Vol. Vlll, p, 431). Hi.s des- 
cription is as follows : 

Psi/JhjM funclipentm, ii. sp. 

Length of body 1'7 urm. ; length of fore-wing 2'3m,m. ; great- 
est width LO m.m. ; width of vertex between eyes •33. m.m. ; with 
eyes '03 m.m. (General colour light brown ; dor.suliim and scutuiu 
with several dark lirown longitudinal stripes, antennae black at tips 
of segments 111 to X; fore-wings with numerous brown or black 
dots and s[)ots both on veins and membrane. 
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Head a little namnver tlian tWax. uu, h .IhI.-x,-,! 
vertex longer tlian half its widtli. xvitli e slighi fuvrsl i,M|„v~Mun , Id- 
eally ; facial cones about two-tliiids as long as wii.-x laihci 
ly divergent, narrowly rounded at ti|); eves largci ; ani.a.na' l. 's, 
than twice as long as widtli of head, slendei-. 

Thorax not strongly arched : pnmotuiM raiher l.mt; . n... 

broad. Legs typical. Kore-wings hyaline, l■(lllllded ai a|ir.x. i,- 
latively rather small, about two and a third times as I, ,111; as Kioa.l ; 
cubital petiole a little shorter than disenid.al snhcdsia. 

Genital segment rather large; anal x.ilvi' lin..nl .u Ims,-. 
truncate at apex; clasper.s ratluu' hhint at tip. 

Female . — Genital .segment tliiek. ali<ini half as Imig .is iesi ,,| 
abdomen, valve.s subeiiual, rather thieldy piilie.seeiu. 

Described from four males and four females from I’nsa, llemtal. 
on indigo. This is probably the adnli of lliiekiiui's /yy/u «,>/.< 
which he described from the )iym])li only. In ordn- to avoid emi- 
fusion, however, in ca.se they should not lie idmitieal. I have given 
it another name. The fore-wing of this .species hears a elo.sc n - 
semblancc to Aiihrilara miillipiinclKta. Kiiwayania (-lapanese)." 

Tlie males arc eastlv distingnislialilo from the females hy tho 
marked upturning of the tip of the ahdomeii (I’lam . fig. lo) 
enclosing the nccossory sexual organ, s. the tip of the ahdomen ol 
the female being pointed. Coupling has iieen ob.seived to take 
place in two ways, either end to end. the axes of the hodies hI iIc 
two insects being in tlie same siraiglit line, their heads being turned 
ill opposite directions or. with the a.xes of their bodies forming 
the acute angle, the heads of the inseeis faeing in the saniediivi timi, 
the latter being tlie usual mode. The exact length of the |ierin,| 
occupied in copulation was not determiued. but couples were ob- 
served togetlier for up to otic hour and oO minutes. .\fieM o|iiil,i- 
lion the female, as described previously, begins to lav eggs laitlx 

soon. 

In the Inscctary with a good supply of hmd the adults, both 
male and female, lived for up to 39 da\s. fheii nio 
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loeomotinii is a sort of flitting from plant to plant. When one di.s- 
tnrbs them wliile tliev .sit on a stem, leaf-stalk or leaflet, they trv 
to evade pursuit by moving on to the oppo.site .side. If tlie attempt 
i.s eontinued they may walk a little but nanally flit away. Although 
active wlien jnovoked they seem to be naturally sluggi.sh. This has 
been referred to while di.sttiissing oviposition. As a rule they do not 
leave the plant on which they become winged and a number of 
adults will sometimes be found sitting and mating on plants which 
still haibnur a large number of nymphs. The adults are scarce- 
Iv ever found sitting expo.sed to the hot .sun. Also when it rains 
they sit on the under surfaces of leaflets or on leaf-stalk.s and .stem 
under cover of leaves. 

The adults are not attracted by light. On a <1ark itight on 
the Iflih .Viigust an acetylene gas light-trap was .set tip in an 
affected plot of indigo in which it was a.scertained by examination the 
previous evening and also the next morning that there were numer- 
ous adult.s both male and female. To the traji were attracted 
several hundreds of bugs, bci-tles and moth.s but only five Psvlla 
iidults. one female and four males. 

The eekect ox the 

'Pile damage to the indigo plants i.s very marked (Plate XVI , 
figs. 1 & - 2 ). The leaves around tlic growing point of the attacked 
plants Vieeome curled and twisted up iido a knot at the top 
of the stem, tlie twisting and curling becoming iiioi'e and more 
pronounced as the attack proceeds until finally in the ease of 
■fava indigo, the head of the plant fornus a hard knot of blaekened 
curled leaves involving the death of the growing point. The 
('ffect on the Snmatrana plant.s too i.s miudi the .same, the 
same kind of curling being produced, but on aeeoiint of the long 
iiiternodes there is not the same compact knot. The plant usually 
then tries to compensate for this by throwing out fresh branches 
from the axillary bud.s and giving the plant a bushy appearance. 
These fresh branches in their turn may become attacked bv the insect 
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and soon presont the appoaranci' ol tha oriijinal plain aiul if ilu' 
attack be continued, especially if the plant is vhiiiil'. ila plant 
will be killed outiinlit. 


Tlte (lilferent .s|)ecies of Pxi/iridn alTeei their hnsi pi, oils in 
dilferenl wav.s. Some merely weaken the plant liv .siukiiie ils 
juices but do not enuse any nialfonual inn. ( tthers, in addit mii in. 
or as a result of. sticking their food frnin the plant, cause y.dl like 
growths to develop, in which they pass tlieir life-history. ' I'svlla ' 
.seems to be intermediate between these two forms, for allhnngh tm 
nail is formed tlieleaves bi'conie dislmted in shape and grnwlli. li 

rt 

is not known exactly how tliis alteration in tlie Inrm nl the pl.im 
is brought abont, but it i.s probabh* that the inseet in the prneess 
of sucking inject.s .some kind of secn'lion from the salivary m mliei 
glands whiidi cau.ses the cells of the plant at the pniiit ol piinc 
ture to grow uno,(|nally. thus prodining tin' nialinrniatinn. .\n 
examination of voting haives just beginning to ciirl slmws th.n ilie 
folded-up leaf begins to ctirl bidbre the halves open mil. and that 
voting nymphs are generallv to he found m heturen ilm folded 
halves. This mav possihiv be e.xphiiiu'd bv the hml lhat the 
nymph, s secure between the folded halves sin k for some time Imm 
une-half onlv. thi.s cansing a retarding or acceleration nl the growth 
of that half, while the other half is growing natnrallv resulting m 
the curling of the leaf in one directinii or the other. In I lie ease 

of indigo -Tsvlla" it i.s only the nvmphs which cause the leaves to 
eurl; tl.e adults prmlucing mi malformation of the plant as the 
following experiment shows 


Four freshlv emerged adult, s were placed upon a healtliv plant 
of .lava indigo on 22nd Februarv 1012. and 
until 20t!i of March when tlie plant beennimg attai o i n i" 

the tnsects ^ Tin 

thev lived unttl between the 2 mh ail the 2tuh M ^ 

thev died. On neither plants was tlieie " 

able. The effect of the ttv.nphs is verv 
nth February 1912 . two plintts m a pot um 
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throe nymphs ench and on l!)lh and 20th, respectively, on, 
nymph from each heeame adult. Yet on the 2:5nl the leavm 
of the plants were ilistinetly curled. It Im.s already licon men 
tioned that the young nymph.s after liateliing from the coon 
invariably come to the tender unopened loaves and .suck fio",, 
Uiem. It was observed in a long ,seri.- of plants on which adidl^ 
were made to lay eggs in the Insectary that the newly hatched 
young nvmphs wer(> able to cause distinct curling of the top loavi s 
within two days and to produce the typical erum]ded head within 
a we(>k. It was also found that a sijigle iiymph was sufficieid to 
cause c]'umj)ling of tlu' leaves. 

if the attack on the plant ceases after a time, and has not 
been severe enougli to kill the growing point, the plant will grow 
through the twisted head and |irodue(' normal lenves again. Tin, 
nialformed leaves do itot recover, however, thottgh they may grow 
anil open otit to sonte extent. This is shown in fig. 2. Plate XYII 
the history of I lie plant heiiig as follows. Eggs were laid on the 
plant 0)1 22iid and 2:frd Febniaty 1!IJ2. and hatched on .jth .Mai'ch. 
Crumpling of tlie leaves was noticeable by the Uth and tin- nymphs 
became adult by tlie 2.5tli. The adults were not allowed to lav 
eggs cm the plant and it was kept under ordinary conditions with the 
restilt shown in the pilot ograph, where it is seen that the leaves arounil 
the growijig point are quite iioritial. whilst those lower down about 
the position cvhere the growing point was at the time of attark. 
are crumpled and twisted. The effect has also bemi observed in the 
fu'ld where the crop has recovered under favourable eireumstanccs 
ti'om a previous attack. Plates XV 1 11 & XIX are a series of photo 
graphs of the sa me plant to show t lu' progress of the disease. .V feiiia Ic 
was eonfinedoii the plant on Kith .Vpril and eggs were laid on it up 
to 21st. Hatching commenced on the 23i'd and curling was 
evident by the 27th. Adults appeared on the 7tli .May and were 
allowed to lay eggs on the plant. .Vdrdts again ajipeared on Kith 
May and by .Itine 6th all the nymphs had become adult and left 
the plant. .Vt this time the growing point of the plant wa.s practi* 
tally dead, and several side shoots had been given off and had been 
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attacked. Fig. 2, Plate XtX, give. ,1 k. Hnal . 
on June 29th. 


ippcaiaiKc 


of 


plan, 


II lit ill I 
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FOOJJ ISLAM'S. 

As the growers know to tlieir cost, 'JWIla- I,,., I 
the varieties of indigo at present ciliivaled m |; 
Siimatrana [Indifpimt .wmitl mm) and .lava la). 

ilr. Bergtheil, Director of the Indigo Ifeseaivli Si.oioi, („„u 
closed) at Sirsinh, was kind enongli tosupiily .seeil.s of ih,. |ollowiii.< 
species of indigo with the remarks noted against eacli s|ie,aes : ” 

7. faiwifoliu, from Forest Dtfiee, Dehra Dnn. possihly a 
variety of Sumatmim. 

I. ami, from Georgetown. Ih'itish llniana. 

I. oligofife.nm . 

1. tindoria, sent and .so-called hy P. S. A. Ilmeaii of I’l.mt 
Industry ; certainly not rightly named since it yields no indigo. 

He also supplied .seeds of Pohj/joiutm lindoihini, a ( hiue.se 
indigo plant (seeds from plant grown at Sirsiali) and said that all 
except /. liudoriu were iiuligo-yiclding. The .seeds uere sown in 
the Insectary coiii[)ound, but Poh/joinim linHariain did not grow. 
■■Psylla” was found to feed and breed on I. jiaticilnlia. I. ami 
and I. oligospenna and curl their leaves in the .same way us .Suma- 
trana and Java-Natal. "Psylla" would not feed on the .so-called 
/. tindoria. 


Thus it is definitely known that the insect feeds and breeds on : — 
7. arreda, East African” or “ Xatal" or ■■-lava” indigo. It 
is ail introduced plant now cultivated in Reliar. 

7. siimatrana, Bengal indigo. This is atso cnltivated in 
Behar. According to Prain, it is occasionally spontaneous in 
Tamarisk jungles and on river banks. Liider this Prain includes 
7. tindoria mentioned by Roxburgh (Flora Indica) who de.scribes 
it as “ native place uncertain, fm though now common in a wild 
state over most parts of India yet is in general not remote from 
places where it is or has been cultivated, ’ and also part of 7. foic- 
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iona mentioned by Hooker {Flora oj British India) as “the mii- 
\ ersally eultivated indigo," but he states further that it is doubtful 
whether it is ti'idy wild. This too is probably an originally intro- 
duced plant. 

7. pavcilolla. Mi'. Bergtheil says this is po.ssibly a. variety of 
Sumatraua, but Hooker puts it down as a distinct species giving its 
habitat as “ Plains from Scindo and the Upper Ganges to Ceylon.” 

I. ami. M est Indian indigo. Tt is said to be sometimes grown. 

7. olliiosperma is not Icnown to grow in Behar. 

Train mentions six species of huVajojcra occurring as weeds 
in Behar. (7. cchinata, ‘Westeni Behar; 7. linifolia ; 1. cordi- 
folia; 7. glanduhsa, Western Behar; 7. endecaphylla, Western 
Behar; 7, tinrtoria). Of these the species commonly found is 
7. linifolia, a small creeping weed which grows in lawns, pastures 
and waste lands. No “ Psylla ” ivas found on it and all attempts 
to rear nymiihs and adults on it failed. The insects therefore 
probably cannot breed on it. In the Insectary eggs were laid 
on this plant by females confined witli it, but the nymphs 
which hatched from these eggs did not feed, and deserted it. 
None of the remaining five species was tried as they were not 
available. It is. therefore, not known whether “ P,sylla ” will 
feed on them. According to Train, another species, occurring 
wild in Behar, is 7. articulata. Surat indigo, which too is an in- 
troduced plant and used to be cultivated formerly until di.splnced 
by Sumatrana. It is not known whether Psylla. ” feeds on this 
species. He also says that sometimes Gnatimala indigo, 7. 
guatmalensis, is cultivated. It is not known whether “ Psylla ” feeds 
on this species either. Stray plants of both the species of indigo 
cultivated at present, viz., Java and Sumatrana, are found all over 
Behar. It is certain that such volunteer plants occur of those 
species of indigo which had once been cultivated but have now 
been displaced or which are cultivated only occasionally. 

The plants on which “ Psylla.” feeds ordinarily in Behar, that 
is the varieties of indigo which are cultivated, are introduced plants, 
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but it has always been consiilered tliat il„. it-nlf ,s m.li-nu.us, 
Tt is probable therefore that the insert has nihe, h„„|-|,|,i„is ulueli 
orcur naturally in Behar and updii evhieli it < au live, Aiieni|iis 
were made, to discover these plaitts Imi witlnnil sii.-ress, 

Thediscovery of tlie wild foiMbplaiils will iidl |,rMl,ahK he a 
material help in checkin^ ■ Psvlla " under ihe pivseiu (ondi 
tions as the volunteer footbplants are lliere and also iinlieu is m 
the fields from year's end to year's end. Tiie inserp therehuv, is in 
110 want of food throughout the year. 

The plants, which have been delinitelv proxed in support 
“ Psylla "and enable it to multiply, are indigo-yielding. .\n aiteinpl 
was made to find out whether the iirseet wnnld hsal ,iud breeil on 
plants other than Indigofems. lint wliieh eontaiiied the snbslanee 
indican. The following two species were tried Inil iln- atieiiipis 
were unsuccessful 


Tepkrosia purpurea, a perennial herb, cfiiiinion in waste plaees 
and by way-sides. This is known in tlio vernacular as ■han-nil,'' 
i.e., “wild indigo.” 

lepkroda sp., a variety growing at Sirsiali from wlieiice seeds 
were obtained. 


When Sumatcana was the only indigo grown it was in the hiinl 
from March to October. Therefore flic insects Innl to dcpi'iid on 
other food-plants from Novenilier to .March. It is uncertain whelher 
it then resorted to its presumed wild food-plants and bred on them, 
or whether the winged adults lived on other plants ami wait.d 
through the winter to lay egg.s on indigo wlieii it would he again 
grown in Marcdi. If there are wild food-plants pre.sent. the lornwr 
would be the course adopted and there would he no necessity to, 
the adults to wait, ospeciallv when, ns it has been dehmtelv 
„h,„vd, tl, ,»H «f wmlor i,. M-.- . 1 .™ «>- '«■ ■ 

uvf.» pw. «.h» H.... T 'r 

pd. an «lnl,., Wl. m.l» «l 

with to .. n.«.h nnde. n.™! “ 1““'''^' 
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“ Psyllii ” iidulls died after two to four days, while under the same 
condition they live for more than forty days on indigo. Also no eggs 
were observed to Vie laid. The plants tried were the following ; — 

^\'hcat; Barley; Baize; Pea; Lin.secd; Cotton; Castor; Tobacco; 
Sweet potato ; Brinjal; Chillie ; Plii/salis minima; Helio- 
tropium indicum ; Cauliflower ; Radish ; Aniseed ; Jute ; 
a Weed (Coirliorm sp.) ; Akh (Calolropis (jiyantea ) ; 
Turmeric ; Artichoke ; Guma {Leucits sp.) ; Jnsticia sp.; 
Elephant's h'oot; Prahlad (Ociniiim. exmum) ; Chliatican 
(Alsloiiia collaris) ;^hm^(K Papaya; Arum; FhjUanthiiii 
niruri; Lily; Dodonca visco.'ta; Commehjm henijalemia; 
ifidka (Cjipcridi rolHmhm)-, Kodo {I'aspalim scrobi- 
cuhilmii): Saiiia (Pa)uciim jrnmmtacmm)', Mama 
{Elensiiie Coracana): Jaar {Androporjon Sorghum)-, Dub 
{Ct/nodoit dadiilon)-, Muitg {Pliaseolus Mun^o)-, Urid, 
{PlmscohiK mdiafuH)-, Arhnr (Cajaiius indictis)-, Chakour 
(Cassia occidentalis, C. sophera k C. tora) ; Anial- 
tas (Cassia Fist ala)-. Sissoo (Dalbcrgia Sissoo); 
Lajivaruli (Mimosa pndim)-. Kouni (Setaria italm)-. 
Kamjhant (Abutilon iitdicum)-, Simul (Bombax mala- 
barienm ) ; Chota Dudhi (Euphorbia thiimifoUa)-. 
Diidhi (Euphorbia pilalijera ) ; Ghurmi (Cephalaii- 
dra mdica)-, Gular (Ficus glomcrata) ; Pakar (Ficus 
hifectoria): Piml (Ficus rcUijiosa)-, Rai (Brass im 
juncea) ; Surson (Brassim campestris ) ; Hariar (Sirh 
sp.); Suthni (Dioscorea fascicukUa). 

This list iiidude.s, amongst other plants, almost all the w'eech 
which commonly grow in or near indigo fields. 

Effect of .Banuking on Affected Plants. 

In order to determine if plants rvell-treated with nianiire 
could resist the curling of the top caused by the feeding of 
“ Psylla ’ nymphs, a few series of experiments were carried out 
with superphosphate and oil-cake. The plants were grown in pots. 
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There was no difieienre in the effect of tl,e attnek hv tie- i.iseer 
on manured and unmamired plants, Both wove envied i„ tlio ,sune 
extent and in the same way. As soon as eurlinjj; of die top oei nts 
and checks the growth ol a manured or aiiv vigorously er-owinu 
plant, it begins to give out lateral brauelies' and become' l.ushw 
Thus if there had been only one attack of ■■ Itsvlla ", dial i.s. it die 
insect had fed on the plants for only one generation and then left 
them, probably the attack would have been a ble.ssing in disgiii,si' ; 
as it would have made the plants grow hnshv and produce luoi'c 
leaves. But actually all fresh shoots are attacked as soon as thev 
appear and the growth of the branches as well is .stojiped. 


How IxracTiox T.tKKs Ih.Act:. 

Infeetiou of new areas is probably elleeled liv females Hying 
over to them and in these (-a.ses tlie insect, s are proliably helped 
by the wind, lit this way infection is spnanl from one place to 
another as the following instance illiisirales. A plot of .lava indigo 
was sown on the Farm at Fn.sa in Oetober dill, the nearest indigo 
cultivation being at least two miles away, and no indigo harl been 
grown on the Farm for years. On gSlli I'l'bniary Midi, a mnnlier 
of pliints showed signs of attack and nvm|ilis were loi.iid on tliem. 
In some case.s. however, the insect does not seem to spri'ad very 
rapidl)', for a small plot ol .Java indigo sown in iln' inseetait 
compound on '211th November 1911. remained free Imni attack 
until the end of .lune. although the fornierlv mentioned plot was 
attacked in I'cbniarv. though in this ease the plants 'weic 
grown in among Ktmi'm (CmOmmns plants, these l.itte, 

plants being removed on the 'Jlsf April 1912. I he hoihliis h.i 
infection were very great, however, for l.reeding .'xpei intents were 
being carried ottt in tbe Inseetaiy from I’ehmavv .tnwards and in- 
fected plants in ]x4s wgvo ofU'n sUimVmg in dn \(Mn( a i at 
tance of not more than ten vavds from the pint, atnl n would have 
been a very stmple matter tor wingetl mseets to lie from -hese 

plants into the plot. 
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It has also been observed that infection is either prevented 
or retarded when the adults meet with some sort of obstruction. 
Thus Java-Natal indigo wa.s grown in a. big wire-gauze cage attached 
to the Inseetary. The wire-gauze had about 10-12 meshes to the 
linear inch which would allow easy passage to ‘‘ Psylla ” adults. The 
indigo wa.s growing from November 1 01 1 to January 1913, but no 
iiLsecls appeared in this cage although it was breeding profusely at a 
distance of about 5 yards. It was observed on other occasioms that 
when indigo wa.s sown together with other crops such as wheat, 
linseed, inustaril. the young idaiits showed little or no .sign of attack 
when the covering cro]) was removed, wliilst other indigo grown 
in the ordinary way and in it.s immediate vicinity was badly affected. 

The spread of infection in a jilot of indigo seems almost always 
to be effected t>y the adults, though it is [lossiblc that the nymphs 
may leave one plant and crawl over the ground to a fresh one. 
To test the capacities of the nymphs for walking over the ground, 
the following test.s were made. Twenty-five nymphs of different 
stages were placed at 10 a.m. on earth which had been smoothed 
ill a pot ill which a plant of indigo was growing. Five more shoots 
of indigo wove then stuck into the earth at intervals of about two 
inches. The nymphs immediately crawled away in different direc- 
tions at the rate of about an inch a minute. The finst one crawled 
on to a shoot within a minute aiid-a-half. and at the end of ten 
iiiiimtcs .seven nymjilis were on tlic .slioots. At 4 p.m. it was 
found that sixteen iivmpli.s luid crawled on to the plants, three 
were found dead on the rim of the pot, and the remainder bad 
di.sappeared proliably having crawli'd right away from the pot. 

.4 large mimlier of nymphs were placed on the ground in a 
field whicli had bi'eii ploughed and afterwards smoothed down 
by rain, Tliey were found to be able to walk over a distance 
of about fn e to six feet or more. They did not make much 
progress because' liiev wandered about, got upon any plant or stick 
Ihey came across and also fell an easy prey to ants and other pre- 
daceous enemies. When they could not get to the proper food-plants, 
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they died within a day foT want o{ noumhiiii'ni . It iias aki hi'cii 
found by placing tlie iiyiiiphs in jtloughed tip lands nitli a Iimki' 
surface that they trar'cllod extivnudv slowly, and in fad rouM 
hardly make any progress at all. The nymphs and adults also 
do not seem to be able to withstand the absence of food fm Imm, 
Seven crumpled heads with inaiiv nymphs in all stages, and livi' 
adults were placed in a glass dish with a wire gati/.e cover at 7 am. 
At 7 A..\I. the next morning the shoots wen‘ hnmd to have withered 


a great deal and that two of the adults were dead and also that 
many of the nymphs had left the shoots and were walking aliout 
in the dish. By 4-45 I'.M. tlie shoots had wiiliered ciiiisi<leialily 
and only one adult was living, the nvinplis liad all l-dl the shoots 
and many of them were dead. .At fO .t.«. oa the tft.td day ii 
was found that all tlie nymiths and adults wmv dea,l. Uiis a< 
is of interest in comiect.on wtth the severe attaek [unit wliu h .lie 
klmaie crop usually suffers, for it would seem that t he m ug 
of the crop at that time .shottld elleett.allv eheek the tnsei, .. 1 

llr^heiLts are cut, htthibiwond the hard stetnsol tW^ 

would remain m the held and the nymphs at aii\ latc won 
killed off. 


At the time of harvesting, f lie operation of cutting tiie plants, 
placing them on 

bundles on to carts, is not at all sumauv , 
from the plants. Some do fall oft on -mtad ^ 

caused, but their number t.s very small as h, 

„o„.l Tl„.« IMI™ .,y."l.l» 

.„<ll.v,. .1.0,, .n. n.w W.kr-J 

disturbed on the occasional plan s left , cat plan t 

aclults soon nifcct the plants arou,^^^^^ 

IS left lying on the ground and as d wtvhe s the n> 

the stump.s which afford them j nymphs 

or so by which time new buds sprout Apart ^ ‘ , 

the number of which is small, the ,i,.id .nlults 

of infection of the klmuke crop. In . > 
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are found plentifully. They congregate, mostly on the uncut plants 
left standing here and there. Eggs are laid on such plants and also 
on the stumps. The cracked epidermis of the latter affords con- 
venient places foi' oviposition and when the nymphs hatch after 
5 or fi days they find the newly sprouting buds to feed upon. Also 
all the plants in one district are not cut simultaneously so that the 
winged adults can fiv from locality to locality and renew the attack. 

The question also arises whether the nymphs or adults are 
carried away to any extent with the plant when it is taken to the 
vats. On observation it wa.s found that the adults are not dis- 
lodged if thejilants are merely shaken, as by the wind, but that if 
the plants are struck with a stick the sudden jerk causes them to 
leai’e the plant. The nymphs, however, are more difficult to dis- 
lodge and neither shaking, striking the plant with a stick, nor even 
on the ground has any effect at first, though such disturbance 
causes the nymphs to leave their lurking place.s and wander about 
when the effect of a sharp jerk i.s sufficient to dislodge them. 

The infection of the I'hooiilie or young crop quickly takes place 
if it be by the .side of old infected indigo. By the side of an experi- 
mental plot of Java-Natal indigo with plants about 3 to 4 feet high 
a plot was sown with Indiyojem 'jxiiicifolia. " Psylla ” was breed- 
ing unchecked in the Jai'a-Natal plants. The adults bred on this 
old indigo .showed a decided partiality toward.s the young paiiciifolia 
plants, to which they were attracted m largo numbers, the j’oung 
jilants affording a more plentiful supply of sap. 

The Effect uf Dew. 

In Behar the dew.s are very heavy from September onwards, 
and in the early morning the indigo plants in the field are com- 
pletely covered. The insects are. however, protected by the 
numerous liair.s on their bodies and the moisture has no effect upon 
tliein although they may be completely covered. A .series of 
nymphs were completely covered over with dew, but the only 
result, was that they remained quiet until the dew evaporated and 
then moved away. 
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Dew however seems to hinder egg laying ami ilms proluhlv 
contributes towards the lessening of the nniulienif inserts disiinrtly 
noticeable in September and October. Covered with dew tlie 
adults wore found to be quite lethargic and would liardlv niove 
even when touched. They becnnie activi' again when the dew 
evaporated. Egg laying takes place mostly in the evening, at night 
and in early morning. Ent all this time the adults remain covered 
with dew and therefore egg laying is hardly possihle. 

•• PsYLL.\ " .\xi) Axt.s. 

The following si.v kinds of ants have been oli.seived toattcml 
“ Psylla ” ; - 

CampoHoUiti the eommoii hig lilack ant. has heeii 

observed to attend both iiyvnjdis and adidts. The adult insect 
does not jump away even when tiitproached ami c.ircsscd l.y this ant. 
This fact is taken advantage of by the hlack spider which mimicks 
this ant and which can thus approach adidt.s unsuspected. 'Ihi.s 
spider (see enemkn) catches and eats tKlnlfs. 

Taphionm mflanoccplidhim. a idick headed small lirown ant. 
^yhich wheit pressed between fingers gives out an aromatic smell. 
It attends upon the nytnphs. 

Moiioinoflum iiidlrntih the common simdl blown Imii, 

Ims been observed to nttenil the nymphs. 'I'herc is a 

which mimicks this ant. l^-ld not he ascmtai.i.l 

prcy.s upon the insect nor could it be ted with 1st 11a 
fiiiement. 

(Kcoplu/Ia smaragdnm. the lommon red tree ant, attends the 

1» I-™ 

111 company with CEcophijh mmnwhna. 

Monomorium grauU,»nim- common small hrown ant wit i a 
dark abdomen has been observed attending the nymphs. 

The ants are attracted hv the Itqnid excrement winch thip 
lick up by applying their mouth parts to the iquu mop as 
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collects at the hinder end of the insect. The ants stroke the 
insects with the buccal appendages and antennae. The caresses 
arc evidently not disliked as the “ Psylla ” nymphs and adults 
do not appear to be in the least disturbed by the overtures of 
even such big ants as Camfoiiotus comprmus. 


Enk.mie.s. 

The Indigo “ Psylla ” is attacked by a parasite in the 
nyinphal stage and by many predators in both nyinphal and 
adult stages. Nothing has been found to attack the eggs. The 
influence of these enemies upon the insects has been discussed by 
Lcfroy in the Agricxifural Journal of India, Vol. VIII, Part 1, 
page 14. 

The Farasile (Plate XX. fig. 4).— The parasite is a minute 
Clialcid which deposits eggs in the bodies of the nymphs. As only 
one parasite hatches out of one nymph it seems that only one egg 
is deposited in the same nymph. .Just before the nymph dies, 
it becomes fixed to a leaf or stem and is then merely a shell or ease 
in which the parasitic grub pupates. The parasitised nymphs are 
not distinguishable until they reach this stage. -At this time they 
become bloated and turn brown in colour and are therefore easily 
observed (PI. XX, fig. ob). The actual period from the time 
of pupation till the emergence of the parasite could not be observed, 
but it was noticed that about five to six days from the time that the 
nymph is clearly distinguishable as parasitised, the adult parasite 
comes out by gnawing a hole in the abdominal region (PI. XX, 
fig. 5c). The parasite takes about a w^eek and a half to attain 
to the adult stage from the egg. 

The parasite appears to attack only the nymphs of the fifth 
or penultimate stage. No younger nymph has been observed to 
be parasitised. Several parasites were observed to have access to 
large numbers of nymphs of all stages, but only some nymphs in 
the later stages proved to be parasitised. Compared with sonic 
of the predators the para.site occupies a minor place as a check 
upon the pest. Thus only nine nymphs in a colony of forty, one 
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m a colony of a hundred, and nineteen in a coloiiv of fifty were l ill ■ 1 
by the parasite, while one maggot of the Svrphus fiv ) 

IS alone capable of destroying several such colonies in a day. 


The PredMors.- These destroy uyniphs and adults, either eatiiu' 
them or sucking them dry. Among them are included three 
Ladybird Beetles, a Maiitid, a Chrysopa, a Syrphid fiy. a ('apsid Im- 
and several spiders. These are known definitely tii prey up,,,, th.' 
insect and possibly other i,isect.s and animals also do s,',. 


The Ladybird Beetles are the seven-spotted Vocnm-Un srji- 
tenvpunctaki (PI. XX, fig. 8), the six-spotted Clnhm;i,'s srx- 
mamlata (PI. XX, fig. 10) and the striped LadvIunI lie,>tl,' 
Bnonus sutimlis (PI. XX, fig. li). The.se heeth's as well as tlu'ir 
larvae feed principally u{,on the nymphs ami also npm, the adults 
when they can be caught. Figure » in Plate XX shows th.' larva 
of the six-spotted Ladybird Beetle. T’he larva of the si've,i-spoH,',l 
Ladybird Beetle is siniilar in appearance but having vellow spots 
in addition. Figure 12 in Plate XX shows the larva of /;,/,wh.v 
iuturalis. The white tufts on its back give it a charaeteiistie 
appearance. 

The Jlantid which has been observed lo eat •• I’svila nvmplis 
and adults but mostly adults, is the green one. Hiermlula iirsi- 
ivoodi, commonly found among green vi'getalion. 

Tlic Chrysopa, whose larva has been observed 'PI. XX. figs, li & 7) 
to feed mostl}’ upon the nvinph.s is the common green one. C/nv/.wyx, 
alcestis, The larva has the habit of piling upon it.s hack the 
empty skins of the nymphs it destroys. 

The Syrphid fly (PI- XX, figs. 1—3) is the most important of 
all the enemies a.s it is capable of destroying a large niimbei' ol tli,- 
nymphs in a slioit time. The maggot feeds upon the iiymjihs oidy, 
and during tlie latter part of its larval history will destioy aliout 
300 to 400 of them in a day. A maggot i.s shown re.sting on a leaf 
in fig. 1, Pl. XX. When it walks or feeds the anterior part 
of the body is extended and is then tapering in a[)peaidnce. At 
the dorsal area of the hind end there is a pair of brown tubi's 
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joined together and giving the appearance of a tail. These are 
the spiracular openings. The maggot strikes it.s head apparently 
blindly in all directions and on the backs of the nymphs, but some 
nymphs are passed over. It does not pierce the prey from the back, 
but moves its head round to the ventral surface and then pierces 
the thorax. The contents of the body are then eaten and the empty 
skin discarded. The maggot is a voracious eater and feeds almost 
continuously with but short periods of rest for moulting. It takes 
about one to four minutes to finish eating a nymph, the time vary- 
ing according to the size of the prey. Dead parasitised nymphs 
are always passed over and never destroyed. Membracid nymphs 
sitting near or in the midst of “Psylla” colonies ivere not observed 
to be eaten, but the maggot preys readily on other younger and 
smaller Sj/ifhus maggots which it may come across. When it is 
full grown it fixes itself by the tail end on either of the surfaces 
of a leaf or on the .stem and pupate.s there. The anterioi’ end of 
the pupating maggot i.s much contracted so that this end of the 
pupa is rounded {PI. XX, fig. 2). The fly (PI. XX, fig. 3) 
emerges after about seven day.s. (irdinarily when found in indigo 
fields it may be mistaken for a .small Eimienes wasp. It does not 
exhibit the hovering flight characteristic of Stjrfhufi (pgijptitis and 
flies more like a Euiueiiet! wasp with the abdomen raised than like 
a fly. Eggs are deposited singly near ■’Psylla'' colonies. Each 
egg is cylindrical and .slightly bent on one side ; one end is slightly 
thicker and rounded, the other end being tapering ajid blunt. It 
measures '7 m.m. long, '35 m.m. broad and is white in colour. The 
surface is reticulated, there being fine zig-zag lines noticeable on it 
under a high power lens. The thicker end i.s gummed to tin- sub- 
stratum and the egg lies on its concave side. 

The maggot is found to ho parasitised by a small Clialctd. 
It pupates with the parasitic grubs inside its body, the adult para- 
site emerging by a hole gnawed in the pupa case. 

The Cap.sid bug is Camfijlornma Uvida, Kent. (PI. XX. 
fig. 13) w'hich is a small green bug found in all its stages on 
the crumpled indigo tops or rather hidden among the crumpled 
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leaves. The nymphs mnvc about very (|uiekly ami ilu' .ulults 
too, are very active anrl fly away when flisturheil. The hii<; i.^ hmiiil 
thrusting its beak into and among the cnimpled leave.-; in get at 
the young nymphs which always live hithleii in suelt positions ami 
are. thus safe from other enemies. 

The, spiders prey upon the "ksylla'' adults oidy. Tliiee spenrs 
were definitely observed to spin webs aeross the a Heeled indigo 
plants. The, adults were caught in tlie usual way on the wehs. 
Probably all spiders which live in the indigo fields will he tonml 
to prey upon ''Psylla,” as a matter of course. 

Another black spider has been found catching and eating 
adults. It docs not spin a weh and mimicks tlie black ant. ('nm- 
fonotus convpycssm which attends the -lyihr, botl.^ nynipli.s ami 
adults. It moves about Iniskly on tlic plants m .searcii of llm prey. 
Occasionally it rests for some time on ;i leaflet and again begins 
to reconnoitre quickly. 
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Vol. 
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VI. 


l.ife Histories of Indian In.sects-S’ by Gnosii. n..\. 

Price, fls. 2-8. 


tJACTERIOLOaiCAL 5ERIE5. 

Studies in Bacteriological Analysis of Indian Soils, No i, 19[<J.JI, by C. M. 

HuTcHiNSoy, B A. Price, R-n. 2-«. 

Rangpuf Tobacco Wilt, by C. M- HVTfHixsoN, B.a. Price, \U 2. 


VETERINARY 5ERIE5. 

Anaphylaxis in the larger Animals, by Major J. 1). E, M.A., u.sc., 

M.E.c.v.s, Ptite, Rs. 2. 

Salvarsaii in the IVeatment of Surra iu Hor.ses, Dogs and Rabbits, 1 
Major J. D. E, Hoi..mks, .m.a., D.f^c., m.k.c.v.s. Price, Ue. 1-4. 

Some more successful Experiments on the tieutwent of Surra in the 
Camel with recommendations for Systematic treatment, by A. S. Leksk, 
M.h.c.v.s. Price, Re. 1. 

On the liiiDiiiue bodies orcuning in anti Itnulevpest Serum and on the 
vaiiatioHR occurring in tho serum proteins of Animals during Rinderpest 
and dining iminiiiiisation and hjpcr-iiumunisation, by P. HxHTLKY, 
D.sc. Price, lls. 2. 

Some cusea oi Surra treated in the held and in Ihe laboratory during the 
autuint. of m\, by Major J. D. E. Holmks. m.a., u.ssc., i.c.v.d. 
Price, Re. 1. 

Rinderpest : Fiirfher Invosiigalious on questions connected with the 
Economical Provluction of Anti-serum, by Major J. D. E. Holmes, m.a., 
D.sc., l.C.v.D. Price, Re- 1. 

The Cujutive Treatment of Hemorrhagic Septiewroia in Cattle by the 
administration of ItMline and other notes on Cheiniother^y in Rindei- 
pest and Ha-morrhagic Seplicamia, by Major J D E- Holmks, lm-B., 
M-A-, D SC., J.<’-V u. Price, Re- !• 

The Vitality of tho Hamorrahagic Septicamia Organism outside the body, 
by Major J- D. E- Holmes, c.i.k., m-a., D-sc-, i.c.v.d. Price, Ke, 1. 

Bursati, by Major J. D- K HoLMKS. C.I.E.. M.A., D-SC-, T-C.v D- {In 
ihe Press.) 

Experiments outlie treatment of Sunu in Camels, by H, E.Csoss, ME-C-V.s., 
n.v.H., A Sc. {In (he Press.) 



bULLEtlNS issued BY tHE AGRICULTURAL RESEARCH 
INSTITUTE, PUSA. 


No. 1. Notes on Cotton in Bihar in 1904, by H. M. Lefrov, M.A.,.F.E.8., f.z.S. Price, As. 4 
or 6<i. 

No. 2. An Outbreak of Cotton Pests in the Punjab, 1905, by H, M, Lefkoy, m.a,, f.e.s., 
F.z.S. Price, As. 6 or Id, 

No. 3. The Extension of Jute Cultivation in India, by R. S. Finlow, b.sc., F.C.8. Price, 
As. 12 or 1#. 2d, (Out of print.) 

No. 4. Pirat Report on the Fruit Experitnents at Piisa, by A. Howard, m.a,, a.r.c.s., 
F.L.s. Price, As. 6 or 6d. 

No. 5. Report on Trials of the South African Locust Fungus in India, by E. J. Butlkr, 
M.B., F.L.s. ; and H. M Lefroy. m.a., f.k.s., f.z.s. Price, As. 2 or 3d. 

No. 6. The Ticks Infesting Domesticated Animals in India, by C. Warburton, m.a. 
Price, As. 4 or 6d. {Out of print) 

No. 7. A Preliminary Account of the Biting Flies of India, by H. M. Lefroy, m.a., f.e.S., 
F.z.s. Price, Ke. 1 or Ia. 6d. {Out of print.) 

No. 8. Official and Recommended Methods for use in Chemical Laboratories of the Depart- 
ments of Agriculture in India, by J, Walter Leather, Ph.D., f.i.c. Price, As. 4 
or 

No. 9. Report on Coconut Palm Disease in Tiavancore, by E. J. Bdtlek, m.b., f.l. 8. 
Price, As. 6 or 6d. {Out of print,) 

No. lO. Treatment and Observation of Crop Peats on the Piiaa Farm, by H. M. Lefroy, M, a., 
F.E.8., F.Z.S.; and 0, S. Miska, b.a. Price, As. 6 or 7d. {Out of print) 

No. 11. On Flax Dodder, by A. Howard, m.a., a.R.C.S., f.l.S. Price, As. 4 or 6d. [Out 
of priai.) 

No. 12. The Making and Care of Lawns in India, by A. Howard, m.a., a.r.c.s., F.L.s. 
Price, As. 4 or 6(^ {Out of print.) 

No. 13. Sugarcane atthe Partabgarh Experimental Station, by G. Clarke, F.I.C. ; and Khan- 
Bahadur S. M. Hadi, m.r.a.c., m.r.a.S. Price, As. 6 or 6d. 

No. U. The Milling and Baking Qualities of Indian Wheats, by A. Howard, m.a., a.r.c.s. 
F.L.s. ; and Oabhielle L. C. Howard, m.a. Price, A.s. 4 or Hd. 

No. iu. Note on the Extension of Cultivation of Fibre Plants in India. Price, As. 6 or bi/. 

No. 10. Second Report on the Kriiit Expei iraents at Pusa, by A. HoWaUD, m.a., a.r.c.s., 
F l.s. Price, As. 6 or 8d. 

No. 17. The Milling and Baking Qualities of Indian Wheats, No. 2. Some new Pusa selections 
tested in 1909, by A. Howard, m.a., a.r.c.s., f.l. 8. ; and Gabriellb L. C. 
Howard, m.a. Price, As. 6 or 8fi. 

Nu. 18. lleport on the outbreak of Blister- Blight on Tea in the Darjeeling District in 191)8*09, 
by W. McRae, m.a., b.sc. Price, Ke. I or D. 6d. 

No. 19. List of Names used in India for Common Insecta, compiled in the Laboratory of the 
Imperial Entomologist, Pusa. Price, As. 12 or D. 2i(. 

No. 20. Meraorandura on Indian Wheat for the British Market, by Sir James Wilson, K.c.s.l. 
Pi ice, As. 4 or 6tf. 

No. '21. Sleinorandnm regarding leading Encalypts suitable for India, by F. Booth- 
Tucker. Price, As. 4 or 5d. {Out of print.) 

No. 22. Tlie Milling and Baking Qualities of Indian Wheats, No. 3. Some new Pnsa Hybrids 
tested in 1910, by A. Howard, .m.a. a.r.c.s., f.l.s. ; and Gabrikli.k L. C. Howarp, 
M.A. Price, As. 7 or 8rf. 

No '23. Insecticides— Mixtures and Recipes for use against Insects, in the Fielil, the Orchard. 

the Garden ami the House, by H. M. Lbfroy, m.a., F.k.s,. f.z.s. Second 
Edition. Revised and Enlarged by T. Bainhkiuge Fletchbr, r.n., f.e.s , f.z.s 
Price, As. 12 or 2d. 

So. ■->*. riio Inaiaii Saltpetre Industry, by J. W. Leathbr, pIi.d., k.i.c. ; and J. K. 
Mukekji, B.A., R-Sc. Piice, As. 8 or 9t/. * 

No. 2b. Report on the Flax Experiniente conducted at Dooriah in 1910-1911, by K. M 
Vandekerkhove. Price, As. 6 or Id. 

No. '26. Note on the present Position of Cotton Investigation in India, by Bernard Coventry, 
c.i.E. Price, As. 2 or 3(i. 

No. 27. I'lxperiments on the Cultivation of Sugarcane at the Partabgarh Experimental 
Station. 191»9-ll. by G. Clarke, f.i.o. ; H. K. Annett, b.8c., andSYF.u Zamin 
Hussain, b.a. Price, As. aor&L 

No. 28. The Cultivation of Lac in the Plains of India, by C. S. Misra, e.a. (Second Edition.) 
Price, As. 8 or 9c/. 

No. 29. Directions for the Cultivation of Eri Silk. {Reoited Edition.) Price, As. 3 or id. 








